The influence of the chemical composition of selected armature brasses on the formation of hard inclusions was investigated. In metallographic studies using optical microscopy and scanning electron microscopy with X-ray microanalysis (EDS), it was found that hard inclusions attain sizes ranging from several hundred nanometers to several micrometers. Investigations of samples that were taken from metallurgical pigs of armature brass of various chemical compositions have shown that the contribution of components such as iron and silicon have a decisive influence on the formation of hard inclusions. These components have a dominant share in hard inclusions (60-76 wt.% Fe and 10.6-17.4 wt.% Si). In much smaller quantities there are also elements such as manganese, phosphorus, nickel and chromium. The chemical composition of hard inclusions varies. The number and size of hard inclusions depends on the contribution of iron and silicon brass. In the brass sample with 0.31 wt.% Fe and 0.08 wt.% Si, 1183 inclusions per square millimeters were identified, while in the brass sample with 0.21 wt.% Fe and 0.11 wt.% Si the amount of hard inclusions was reduced to 933 inclusions per square millimeters. In the brass sample with reduced iron content up to 0.08 wt.% and silicon up to 0.006 wt.%, no hard inclusions were identified.
INTRODUCTION
The brass grades used for the making of armatures are generally characterized by a large share of compound intermetallic phases commonly known as hard inclusions. These inclusions are characterized by a high hardness [1, 2] and can reach sizes up to several micrometers. Hard inclusions in armature brass achieve hardness much higher than the hardness of the matrix in the armature brass structure. During machining, the inclusions cause an accelerated wear on machining tools and make it difficult to achieve a satisfactory smoothness of the product surfaces as a result of removing it from the brass matrix using cutting tools. These inclusions have a particularly unfavorable effect on the polishing of brass products, because after breaking out of the brass matrix, they constitute hard particles in the polishing paste, the dimensions of which significantly exceed the size of the grains of the materials constituting the components of the polishing paste. As a consequence, they cause scratching of the polished surface of brass products. Often occurring after the polishing process, scratches on the surface of the products and cavities created as a result of the chipping from hard inclusions from the brass matrix, significantly impede the processes of galvanic nickel plating and chrome plating.
In the hollows created after the crushing of hard inclusions, so-called "Comets" filled with polishing material are formed in the process of polishing. This eliminates a large number of castings from the production process, especially when a high smoothness of polished surfaces is required.
From the previous studies of hard inclusions in armature brass, it seems that they are characterized by a large diversity both in terms of quantity, size, form and chemical composition [3, 4] . The sizes of hard inclusions are in the range from several hundred nanometers to several micrometers. Their contribution in armature brass varies considerably and can range from a few to over 1500 per square millimeters. Quantitative restrictions are generally limited to 0.5 wt.% of the surface area of the sample or less than 400 per square millimeters. High quality armature brass contains few hard (<100/mm 2 ) inclusions with a size less than 500 nm.
The chemical composition of hard inclusions can be very diverse, both in terms of the components present in them as well as their share. Iron and silicon are the most frequently observed in these types of inclusions, but manganese, chromium and phosphorous are also often found. Depending on the share of sulfur in the brass, manganese and zinc sulphides can also be formed (Fig. 1 ). The strong reduction in iron solubility in copper ( Fig. 2) , which is additionally influenced by silicon, promotes the formation of hard inclusions.
S. Lassmann's research [5] showed that such phases can be formed when the iron content in the brass exceeds 0.03 wt.% and silicon 0.002 wt.%. At the trace content of silicon in brass, inclusions do not occur even at the content of 0.1 wt.% iron.
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DESCRIPTION OF THE RESEARCH
The research was aimed at determining which armature brass from metallurgical pigs ensures that hard inclusions in the castings made of armature brass are avoided due to their chemical composition. For this purpose, samples were taken from metallurgical piglets of three brass fittings with different chemical compositions, as can be seen in Table 1 . Of fundamental importance are the differences of iron and silicon content, that is the components most often found in hard inclusions. Analyzes of hard inclusions in the tested alloys were made on the basis of tests using an Epityp 2 optical microscope and a JSM-5600 LV electron scanning microscope with EDS 2000 microanalyzer.
The test results are illustrated in Figures 3-14 . The microstructure of brass with the highest iron content of 0.31 wt.% (sample no. 1) is presented in Figures 3, 4 and 5.
In Figure 3 there are visible precipitations of lead in the form of rounded dark color separations. Numerous hard inclusions are characterized by angular shapes and a light gray color. In Figure 4 , lead separations are characterized by a light gray color, while hard inclusions are characterized by a darker color and angular crystals. The hard inclusions are clearly visible in Figure 5 , which shows their elongated and angular shapes. Figures 6 and 7 present energy spectra of two hard inclusions.
As a result, the dominant share in inclusions are enjoyed by elements as: iron and silicon by a lower share of nickel, manganese, chromium and also copper and zinc. Measurements of the number of hard inclusions showed that their participation in the sample of brass No. 1 (0.31 wt.% Fe) was very large and it was 1183 per square millimeters.
The microstructure of brass no. 2 (0.21 wt.% Fe) is illustrated in Figures 8 and 9 . In Figure 8 , lead separations of dark gray and rounded shape as well as small light gray separations of hard inclusions can be observed. The diversity of these inclusions can be more clearly seen in Figure 9 (SEM) on which the lead separations are bright and rounded, while the hard inclusions are dark gray with angular shapes. 
ANALYSIS OF RESEARCH RESULTS
The test results showed that in armature brass with iron content above 0.08 wt.% there are large amounts of hard inclusions. However, the number and size of mentioned inclusions increase with the increasing share of iron and silicon in the brass. In the sample of brass no. 1 with 0.31 wt.% Fe and 0.08 wt.% Si there was a very large quantity of hard inclusions amounting to 1183 per square millimeters. With the smaller share of iron (0.21 wt.%) in brass sample no. 2, the number of hard inclusions decreased to 933 per square millimeters despite the slightly higher silicon content (0.11 wt.%) in comparison to brass sample no. 1. Table 2 shows that hard inclusions in armature brass are intermetallic phases, the main components of which are iron and silicon. The share of these components changes in various inclusions from 60-76 wt.% for iron and 10. 6-17.4 for silicon. Hard inclusions also contain such components as chromium and manganese in small amounts as well as phosphorus and nickel, which occur in some inclusions. The registered share of copper, zinc and lead may occur in inclusions but may also originate from the alloy matrix.
The examination of brass sample no. 3 with a significantly reduced content of iron (up to 0.08 wt.%) and silicon (up to 0.006 wt.%) and nickel (up to 0.02 wt.%) and manganese (up to 0.01 wt.%), showed no visible hard inclusions in the alloy structure.
CONCLUSIONS
The research of samples that were taken from metallurgical pigs of armature brass with varying chemical compositions have shown that a decisive influence on the formation of hard inclusions is the contribution of components such as iron and silicon. These components have a dominant share in hard inclusions (60-76 wt.% Fe and 10.6-17.4 wt.% Si). In much smaller quantities there are also elements such as manganese, phosphorus, nickel and chromium in the inclusions. The number and size of hard inclusions depends on the contribution of iron and silicon brass. In the brass sample with 0.31 wt.% Fe and 0.08 wt.% Si, 1183 inclusions per square millimeters were identified, while in the brass sample with 0.21 wt.% Fe and 0.11 wt.% Si the amount of hard inclusions was reduced to 933 inclusions per square millimeters. In the brass sample in which iron content was reduced to 0.08 wt.% and silicon content was reduced to 0.006 wt.%, no hard inclusions were identified. 
